Abstract. Reexamination of the amplitude ratios of the photometric and radial velocity changes of Blazhko RRab stars in their different Blazhko phases shows that a normal amplitude ratio occurs near the phase of maximum amplitude. Checking the Fourier parameters of maximum amplitude light curves with different methods proved, however, that none of these light curves can be regarded as a normal RR Lyrae type light curve.
Introduction
Long period (10-100 days) amplitude and/or phase modulation of RRab stars, often called the Blazhko effect, has been known for about a century. Although 30-40% of the fundamental mode RR Lyrae stars exhibit the phenomenon theoretical and observational efforts have not led to complete understanding of its physical background. One crucial point that may help in selecting the correct explanation would be to decide what phase of the modulation (if any) corresponds to unmodulated single mode RRab radial pulsation i.e. can be regarded as normal, undistorted behaviour.
It was pointed out by Szeidl (1988) that on the pulsational period -photometric amplitude diagram the large amplitude phases of Blazhko variables fall within the range occupied by normal RRab stars. From the visual inspection of the light curves it can be seen that peculiar shapes occur in the small amplitude phases. These facts indicate that if there is any normal phase of a Blazhko star, it should occur during the phases when the amplitudes are larger. However, we do not know for sure that such a phase really exists, and if it does, whether corresponds to the largest amplitude phase.
In the recent past simple linear relations between the physical properties and the Fourier parameters of the light curves of RRab stars were derived (Kovács & Walker 1999 , and references therein) which have been proven to give similarly accurate results to direct spectroscopic methods. A compatibility criterion (D m ) of the light curves with those of a large sample of RRab stars was given in Kovács & Kanbur (1998 , see also Jurcsik & Kovács 1996 . This method utilizes the interrelations between the Fourier parameters of the light curve and serves as a firmer restriction on the actual values of the Fourier parameters than their possible ranges. To quantify the morphological compatibility between a given RRab light curve and that of a large sample of RRab light curves, the D m parameter was introduced. This parameter represents the maximum value of the deviations of the observed Fourier amplitudes and phases from their predicted values calculated according to the interrelations. Checking whether these relations give correct values in any phase of the Blazhko cycle can help decide which is the normal phase during the Blazhko modulation.
Another tool for checking similarity (or difference) of a Blazhko star to the archetype of the class is to follow their behaviour in the photometric amplitude (A V ) -radial velocity amplitude (A v rad ) plane. This type of diagram was first constructed by Kurochkin (1959) , who showed that these observed quantities are linearly correlated for different types of pulsating stars. Preston & Spinrad (1967, hereafter PS67) documented the behaviour of three Blazhko type variables in a similar plot.
In this paper we reexamine the light change variations of Blazhko stars utilizing the A V -A v rad relation, compare the measured and calculated [Fe/H] values (Jurcsik & Kovács 1996) at different Blazhko phases, and measure the compatibility of the light curves with that of normal RRab stars using the interrelations between the Fourier parameters (Kovács & Kanbur 1998) Although very few radial velocity observations of Blazhko variables have been published since the appearance of the PS67 paper, the A V -A v rad diagram of a more complete sample of RR Lyrae stars given by Liu (1991) provides the opportunity and also makes it necessary to Fig. 1 ).
refine the positions of Blazhko variables on this diagram. In order to do so, the literature was searched for radial velocity measurements of known Blazhko variables.
Only radial velocity observations with sufficiently good phase coverage to measure the total amplitude could be utilized, provided that a conterporary photometric V amplitude could also be reliably determined. Table 1 lists the radial velocity measurements as well as the corresponding photometric amplitudes of Blazhko stars. Most of the columns are self explanatory. The Blazhko phases (Φ B ) of the observations were calculated using the ephemerides given in Table 2 .
The radial velocity data are very heterogeneous, obtained by using instruments of different resolutions. A further inconsistency arises from the selection of spectral lines used in determining the radial velocity. The relation between the radial velocity and photometric amplitudes of pulsation defined by Liu (1991) was based on radial velocities of metallic lines, so we considered metallic line velocities if they were given separately from the results for hydrogen lines. In the case of RV UMa, however, only radial velocities of H lines were published in PS67. We attempted to transform these to match the metallic line radial velocities utilizing the extended observations of RR Lyr (Preston et al. 1965) . The Balmer lines originate from higher regions of the atmosphere exhibiting a larger velocity gradient than shown by the photospheric metallic lines. It was found that radial velocities measured from H and metallic lines are strongly correlated, and with an appropriate linear transformation can be equalized within their error ranges (see Fig. 1 ). Although this relation may differ from star to star, we transformed the PS67 radial velocities of RV UMa accordingly, to estimate its metallic line radial velocity amplitudes in different Blazhko phases. Ephemeris of XZ Cyg is taken from Smith (1975) . Blazhko periods and maximum epochs for the other stars are determined from the collections of photometric data by Szeidl et al. (1997) , Szeidl et al. (2001) , Nagy (1998) , and Kovács (1995) for RR Lyr, XZ Dra, RS Boo, and RV UMa, respectively. Different ephemerides for RR Lyr and XZ Dra take into account the phase shifts, and period changes of the modulation.
If there was no photometry simultaneous with the radial velocity observations, but the photometric amplitude for the same Blazhko phase could be reliably estimated from close (or distant) photometric observations, Table 1 lists these amplitudes. Liu (1991) error statistics as the A V -A vp dataset, justifying our choice. Fig. 2 shows the behaviour of 5 Blazhko variables in the A V -A v rad plane in different phases of their Blazhko cycles. In contrast to the early suggestion of PS67 the Blazhko stars seem to behave very similarly. a) In the A V -A v rad plane they follow tracks with the same gradient within the limits of the observational uncertainties, these are steeper than the A V -A v rad relation defined by non-Blazhko variables. This means that the photometric amplitude of Blazhko stars in their smaller amplitude phase is larger than that of a normal RRab star with the same radial velocity amplitude.
b) The amplitude ratio of their photometric and radial velocity changes corresponds to that of non-Blazhko stars within the 0.1 − 0.2 mag vicinity of their maximum photometric amplitudes.
Light curve shapes
The results shown in Sect. 2 hint that normal behaviour phases of Blazhko stars, if any, should be in the larger amplitude phase. To check the compatibility of Blazhko stars' light curves with that of unmodulated single mode RRab stars we utilize the Fourier decompositions of complete light curves of different Blazhko phases. The compatibility is verified if both the D m criterion according to the formalism of Kovács & Kanbur (1998) is valid, and [Fe/H] calculated from the light curve parameters using the Jurcsik & Kovács (1996) Murnikova (1977 , 1981 ), Fitch et al. (1966 , Siegel (1982) and Hardie (1955) are used, observations of AR Her are taken from Smith et al. (1999) , and the compilations of photoelectric observations of RV UMa and RS Boo (Kovács 1995; Nagy 1998) The observational strategy followed by observers of Blazhko type stars has concentrated mostly on the rising branch and the maxima, thus only very limited complete light curves of Blazhko stars are available. We have constructed 21 nearly complete light curves of four Blazhko variables with spectroscopically known metallicities. These light curves, shown in Fig. 3 are compiled from the observations of consecutive nights of the same Blazhko phases within a limited time interval, in order to evaluate the occurrence of long term changes of any type.
In Fig. 3 light curves with D m < 2, and |∆[Fe/H]| < 0.15 are denoted by circles and crosses in the top right corners, respectively. Only three light curves fulfil both requirements: two light curves of RS Boo and one of RR Lyr. This light curve of RR Lyr is however, not representative for the large amplitude modulation, as these observations were obtained during the minima of the 4-year cycle (JD 2 434 553 -2 434 560), when the amplitude of the modulation was smaller than 0.1 mag (Detre & Szeidl 1973) . The behaviour of RS Boo differs from other Blazhko type variables in many respects, it has an unusually short fundamental mode period, a very long modulation period and only reduced changes in its light curve shape. It is important to note that none of the large amplitude light curves of RV UMa fulfil both criteria, although from Fig. 2 it could be suspected that the large amplitude phase might be undistorted.
Conclusions
A combination of the A V -A v rad behaviour and the light curve shapes of Blazhko variables leads to the conclusion that for Blazhko stars with large amplitude modulation there is no Blazhko phase which is compatible with that of a non-Blazhko RRab star. Although the amplitude ratio of the radial velocity and the light change match the normal mode pulsation during larger amplitude phases, none of these light curves has been proven to be undistorted.
Stars which seem to agree with single mode RRab stars in all the studied aspects are RR Lyrae in its low modulation amplitude phase of the 4-year cycle, and RS Boo whose amplitude modulation range is only about 0.15 mag.
This result means restriction for the theoretical explanation of the Blazhko phenomenon. Explanations that predict an undistorted light curve along any phase of a large amplitude modulation seem to be unrealistic.
